Introduction
============

An ependymoma rarely presents with acute neurological decline after spontaneous hemorrhage.^[@B1]^ Previously, some cases of acute compression due to hemorrhages into ependymomas in the lumbar spine have been reported.^[@B2]--[@B12]^ In particular, typical presentation of ependymoma, which appears at the conus medullaris and filum terminale, includes cauda equina syndrome involving severe lower back pain, lower extremity paresthesias, lower extremity weakness, and bladder dysfunction.^[@B13],[@B14]^ Immediate surgical treatment may be performed for symptomatic improvement. In a previous study, some spinal ependymoma cases experienced a long delay in diagnosis.^[@B15]--[@B18]^ We report a spontaneous hemorrhage of a filum terminale ependymoma presenting with acute cauda equina syndrome. This patient underwent immediate surgical decompression and resection with neuromonitoring. The patient demonstrated immediate improvement in the neurologic deficits. Ambulation without assistance was restored, and bladder function recovered to normal.

Case Report
===========

A 16-year-old male was referred to another hospital 2 days after sudden onset of severe back pain. The patient had no history of intake of anticoagulation and/or antiplatelet agents. The back pain continued to progress, followed by the development of decreased sensation in the lower extremities and subsequent motor weakness that advanced to an inability to walk. Ten days after onset, he was transferred to our hospital. At this time, he presented with a high-grade fever over 38°C that may have been induced by a urinary tract infection caused by urine retention. Also, he experienced sphincter dysfunction with decreased rectal tone. A T~1~-weighted image (T~1~WI) from lumbar magnetic resonance imaging (MRI) showed an iso-hypointense area extending from the Th12--L1 disc to the distal endplate of the L2 vertebral body ([Fig. 1a](#F1){ref-type="fig"}). The conus was not visualized. In addition, a relatively hyperintense area that was suggestive of fluid collection was seen from the level of the L4--S1 vertebral body. A T~2~-weighted image (T~2~WI) also demonstrated a strongly hypointense area compared to T~1~WI from the L1--2 disc to the distal endplate of the L2 vertebral body ([Fig. 1b](#F1){ref-type="fig"}). The high-intensity lesion on T~1~WI was of low intensity on T~2~WI and extended from L4 to S1, suggesting hemorrhagic intradural fluid collection. The area demonstrated a low-intensity area on T~1~WI at Th12 to L2 that showed heterogeneous enhancement with gadolinium DTPA ([Fig. 1c, d](#F1){ref-type="fig"}). Acute cauda equina compression syndrome as a consequence of spinal tumoral hemorrhage that progressed to rapid neurologic deterioration was diagnosed. One day after admission, surgery was performed with monitoring of transcranial motor-evoked potential and somatosensory-evoked potential by the stimulation of the tibial nerve and direct bipolar stimulation of the intradural cauda equina nerve. A laminectomy of the lower half at Th12 and an osteoplastic laminotomy from L1 to L2 were performed. After a dural incision, a subarachnoid hemorrhagic (SAH) mass was seen that compressed the cauda equina nerve to the ventral side ([Fig. 2a](#F2){ref-type="fig"}). This hemorrhagic mass extended from the conus medullaris down to the level of L2 ([Fig. 2b](#F2){ref-type="fig"}). After the blood clot was removed, a non-hemorrhagic grayish soft tumor was observed in the conus portion ([Fig. 2c](#F2){ref-type="fig"}). Using a cavitational ultrasonic surgical aspirator, gross total resection (GTR) of the mass was performed using the microscopic technique. After surgical resection of the hematoma mixed with the underlying tumor, the cauda equina nerve was visualized ([Fig. 2d](#F2){ref-type="fig"}). The lamina of Th12 and L1 that had been removed was returned and affixed in the normal position using a mini-plate.

On histopathological examination, the mass showed perivascular rosettes and ependymal cells, indicating a WHO Grade II cellular ependymoma of the non-myxopapillary type ([Fig. 3](#F3){ref-type="fig"}). We found no features that are unique to the myxopapillary subtype, such as mucin or elongated tumor cells arranged in a papillary manner. The Ki67 labeling index was around 7%.

Post-operative MRI demonstrated GTR of the mass including the tumor and blood clot ([Fig. 4](#F4){ref-type="fig"}). Post-operatively, the patient was able to ambulate without difficulty. His sphincter function also recovered. The patient was discharged to an inpatient rehabilitation unit. At the 4-month follow-up in this unit, his lower limbs were much stronger, allowing rehabilitation to walk long distances. In addition, the sensory deficits completely resolved. Presently, at 17 months after surgery, no recurrence of the tumor has been observed with radiological evaluation, and his neurological condition remains normal.

Discussion
==========

The incidence of ependymomas among all spinal tumors is between 1.5 and 5%,^[@B19]--[@B22]^ and over half of these occur in the conus medullaris or filum terminale.^[@B13],[@B14],[@B19]^ Almost all ependymomas of the filum terminale or conus medullaris are of the myxopapillary variant,^[@B14],[@B22]^ which has the greatest tendency to bleed of all subtypes of ependymomas.^[@B23]^ Fourteen reports have been published of 15 patients including our case with acute neurological deterioration after hemorrhage into a spinal ependymoma ([Table 1](#T1){ref-type="table"}).^[@B5]--[@B11],[@B14],[@B24]--[@B27]\ )^ The average age in that study was 34.9 (15--65) years, and so our case of a 16-year-old was too young to compare to the reviewed cases. In this review of reported cases, four of 15 patients had a WHO Grade II ependymoma of the non-myxopapillary subtype including the papillary, tanycytic, and cellular variants as was seen with our case. Tait et al.^[@B14]^ reported that the bleeding rate of non-myxopapillary subtypes is ∼30% of all reported cases of SAH arising from any type of ependymoma of the filum terminale or conus medullaris. Fincher^[@B28]^ proposed that the clinical characteristics of primary spinal tumors presenting with SAH are severe back pain and headache, accompanied by bloody cerebrospinal fluid. In our review, 10 of 15 including our case presented with severe back pain as the first symptom.

In our case, distinguishing whether the tumor originated from the conus medullaris or filum terminale was difficult. The intraoperative view showed blood clots adjacent to the tumor in the subarachnoid space that extended from the conus portion down to the level of L2. During surgery, after the blood clot was removed, a grayish neoplastic mass in the conus portion was evident and was extracted without incising the conus medullaris. Postoperatively, the patient's bladder and rectal dysfunctions recovered. Thus, we speculated that the ependymoma originated within the filum terminale and bordered with the conus medullaris.

Early diagnosis and suitable treatment were associated with a more favorable outcome for spinal ependymomas.^[@B16],[@B29],[@B30]^ However, in previous reports, some patients with an acute decline after hemorrhage into an ependymoma had a significant delay before surgical decompression.^[@B1],[@B5]^ Heuer et al.^[@B1]^ reported two of their cases and reviewed nine previously reported cases of lumbar spine ependymomas presenting with acute hemorrhage and resulting in acute neurological decline.^[@B5]--[@B8],[@B10],[@B14])^ In the review by Heuer et al.,^[@B1]^ four patients underwent emergency surgical decompression, and three underwent a delayed operation. Regarding the post-operative course, in the patients who underwent emergency surgery, pre-operative motor dysfunction tended to recover, but symptoms of sphincter dysfunction were associated with a poor outcome. Heuer et al.^[@B1]^ proposed that extensive adhesions present in patients with delayed treatment for tumor resection makes the operation too difficult. In our case, 11 days elapsed from the acute decline after hemorrhaging into the ependymoma to the surgical decompression. So, our surgery was performed immediately on the day after hospitalization, and he made a significant recovery including the return of bladder function despite this delay. With the purpose of preserving the neural and skeletal structure as much as possible, meticulous microsurgical resection during careful monitoring of transcranial motor-evoked potential, somatosensory-evoked potential, and bipolar stimulation of the intradural cauda equina nerve was performed, followed by osteoplastic laminotomy. After resection of the blood clot and neoplastic mass at the conus portion, the lamina that had been removed was returned to the former position to preserve the physiological structure with the intention of not obstructing the patient's development and growth.

The role of postoperative radiotherapy in spinal ependymoma to prevent the development of cerebrospinal fluid dissemination is not clear, and no consensus exists. Nakamura et al.^[@B31]^ reviewed 25 cases of myxopapillary ependymomas of the cauda equina treated surgically between 1972 and 2005. In this study, 14 of 15 patients who achieved total resection followed by whole brain and spinal cord radiation or local irradiation survived without tumor recurrence during a mean postoperative follow-up period of 10.4 years. Nakamura et al.^[@B31]^ concluded that the extent of surgery and the amount of postoperative radiation may be crucial factors in determining the prognosis of patients with myxopapillary ependymoma. Feldman et al.^[@B32]^ reviewed 28 articles describing a total of 475 patients with spinal myxopapillary ependymomas and reported the extent of resection and whether adjuvant radiotherapy was effective. When comparing the recurrence rates in patients who underwent GTR and subtotal resection (STR), the overall recurrence rates were 15.5 and 32.6%, respectively, regardless of whether the patients underwent adjuvant radiotherapy. The total recurrence rate among patients who underwent GTR plus adjuvant radiotherapy was 15.6%, similar to the 15.9% of patients who underwent GTR alone. The total recurrence rate in patients who underwent STR and radiotherapy was 29.3%, and was 35.1% in those who underwent STR alone. From these results, GTR alone is associated with decreased recurrence rates compared with STR with or without radiotherapy. In our case, GTR was achieved, and the patient was managed without adjuvant radiotherapy. His pathology was WHO Grade II cellular ependymoma, and the Ki67 labeling index was around 7%. The optimal surgical and/or adjuvant treatment provides maximal tumor control. Thus, in our case, postoperative radiotherapy should be performed promptly if signs of radiological recurrence including the development of cerebrospinal fluid dissemination appear.

Spontaneous hemorrhage of filum terminale ependymomas is rare but occurs in acute cauda equina syndrome. Recognition of these characteristics can prevent delayed surgery, which reduces the possibly of neurological recovery.
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![a--d: Pre-operative sagittal MRI of the lumbar spine. (a) A T~1~-weighted image (T~1~WI) shows an iso-hypointense area extending from the Th12--L1 disc to the distal endplate of the L2 vertebral body. The conus is not visualized. The relatively hyperintense area that was suggestive of fluid collection is seen from the level of the L4 to the S1 vertebral body. (b) A T~2~WI also demonstrates strong hypointensity of the area from the L1--2 disc to the distal endplate of the L2 vertebral body. The image showed a distinct, well-circumscribed area that was suggestive of hemorrhage. The relatively hyperintense lesion seen from the level of the L4 to the S1 vertebral body on T~1~WI was seen at low intensity on T~2~WI. (c) Sagittal T~1~WI with gadolinium enhancement showed an irregular enhancing mass from the Th11--Th12 disc to the distal endplate of the L2 vertebral body. (d) Axial T~1~WI with gadolinium enhancement showed the intradural enhanced mass at the level of the L1 vertebral body on the ventral side. Hence, from the radiologic findings, we considered an underlying tumor in addition to a hematoma.](nmccrj-3-091-g001){#F1}

![Intraoperative findings (a) After the dural incision, a subarachnoid hemorrhagic mass was seen. (b) A blood clot mass mixed with an underlying tumor was visualized that extended from the conus medullaris down to the level of L2. (c) After the blood clot was removed, a non-hemorrhagic grayish soft tumor was observed. (d) After surgical resection of the hematoma mixed with the underlying tumor, the cauda equina nerve was visualized.](nmccrj-3-091-g002){#F2}

![Histopathological findings of the tumor. Hematoxylin-eosin staining (a, ×10) shows perivascular pseudorosettes and tapering processes of neoplastic cells around a central blood vessel. Tumor cells with eosinophilic cytoplasm formed various tubular structures surrounding the vessels. Immunohistochemical staining is positive for glial fibrillary acid protein (b, ×10) and EMA (c, ×40). These characteristic features indicates a diagnosis of ependymoma. We found no features that are unique to the myxopapillary subtype such as mucin or elongated tumor cells arranged in a papillary manner.](nmccrj-3-091-g003){#F3}

![Post-operative MRI of the lumbar spine. (a) Sagittal T~1~WI with gadolinium enhancement shows the disappearance of the contrast radiography lesion recognized pre-operatively. (b) The conus is visualized on sagittal T~2~WI, which demonstrate resection of the tumor mass and the hemorrhage.](nmccrj-3-091-g004){#F4}

###### 

Literature review of 15 patients with acute neurological deterioration after hemorrhage into a spinal ependymoma

  Author published years                Age     Sex   First symptom                                Spinal level      Timing of surgery             Tumor location                Pathology                                      Outcome
  ------------------------------------- ------- ----- -------------------------------------------- ----------------- ----------------------------- ----------------------------- ---------------------------------------------- ---------------------------------------------
  Destee et al. ^[@B5]^ 1984            47      M     Low back pain                                L5/S1             Delay                         Extramedullar                 ND                                             Normal neurology
  Herb et al. ^[@B6]^ 1990              63      M     Sciatica                                     L3                Emergency                     Extramedullar                 ND                                             No improvement
  Rivierez et al. ^[@B11]^ 1990         18      F     Sciatica                                     L1--L5            ND                            ND                            ND                                             ND
  Malbrain et al. ^[@B8]^ 1994          65      F     Low back pain                                L2--L3            Emergency                     Extramedullar                 Myxopapillary                                  No improvement
  Lagares et al. ^[@B7]^ 2000           24      M     Low back pain                                Low dorsal        Emergency                     Intramedullar                 [\*](#TFN2){ref-type="table-fn"}WHO Grade II   Ambulating with assistance
  Oertel et al. ^[@B10]^ 2000           35      M     paraplegia                                   Th9--Th11         Emergency                     Intramedullar                 [\*](#TFN2){ref-type="table-fn"}WHO Grade II   Ambulating without assistance
  Tait et al. ^[@B14]^ 2004             57      F     Cauda equine syndrome                        L3                Emergency                     Extramedullar                 [\*](#TFN2){ref-type="table-fn"}WHO Grade II   Ambulating without assistance
  Heuer et al. ^[@B1]^ 2007             31 31   F M   Low back pain Low back pain                  L1--S2 Th11--L2   1-month delay 13 days delay   Extramedullar Extramedullar   Myxopapillary Myxopapillary                    Ambulating without assistance in both cases
  Martinez-Perez et al. ^[@B24]^ 2012   32      M     Low back pain                                Th9 & L2--L3      Emergency                     Extramedullar                 Myxopapillary                                  Ambulating without assistance
  Nozaki et al. ^[@B9]^ 2013            23      M     Low back pain                                L1--L2            37 days delay                 Extramedullar                 Myxopapillary                                  Normal neurology
  Nicastro et al. ^[@B25]^ 2013         41      M     Severe thunderclap headache                  C7--Th10          ND                            Intra and Extramedullar       anaplastic (Grade III)                         Normal neurology
  Khalatbari et al. ^[@B26]^ 2014       15      M     Low back pain paraparesis urinaryretention   L1                Emergency                     Intramedullar                 Myxopapillary                                  Ambulating without assistance
  Tonogai et al. ^[@B27]^               26      F     Low back pain                                L1--L2/3          ND                            Extramedullar                 Myxopapillary                                  Ambulating with assistance
  Our case 2015                         16      M     Low back pain                                Th12--L2          11 days delay                 Extramedullar                 [\*](#TFN2){ref-type="table-fn"}WHO Grade II   Ambulating without assistance

C: cervical, F: female, L: lumbar, M: male, ND: not described, Th: thoracic,

WHO Grade II: WHO Grade ependymoma (including the papillary, tanycytic, and cellular variants).
